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Nw¢ va dtafaotel avtiy n €kdoon / How to read this edition

H mapouaoa €kdoon mpooplleTal yla KATOIKOUC, EmMayyeALATIEG, EKTTALOEUTIKOUG, OLPETOUC KAl
QVaYVWOTEC IOV evlladEpovTal yla T HeTaBoAn tng BdAacoag tou Alyaiou, xwpig va mpolmoBEtel
e€elbikeuon otnv wkeavoypadia. To MANPeg EAANVIKO KElPEVO TAPOUGCLAIETAL TIPWTO Kol akoAouBel
TANpNS ayyAikn anddoaon. OL U0 evoTNTEG XpNOLUOMOLOUV TNV Lo Aoyikn, ta ibla dedopéva kal Ta idla
ouunepaopoTa. Ta KOWA TEXVIKA TTapapTHATA, Ol EIKOVEC Kal n BLBAloypadia cuyKevTpwvovTal 0TO
TéNOG.

This edition is intended for residents, professionals, educators, elected representatives and readers
interested in the changing Aegean Sea, without assuming specialist training in oceanography. The
complete Greek text appears first, followed by a complete English version. Both sections use the same
reasoning, evidence and conclusions. Shared technical appendices, figures and references are collected
at the end.

Kevtpiko epwtnua / Central question. Me molov tpdmno ar\alel n Balaocoa Twv Kevipkwy
KukAadwv kaBwc Beppaivetal, Kol TIOLEG OO TG PUOLKEG KOl XNILKEG CUVETIELEG UTTOPOULE AdN va
tekpnplwooue; / How is the sea of the Central Cyclades changing as it warms, and which physical
and chemical consequences can already be supported by evidence?

o MEPOZ | — MAAPNG EAANVLKNA ETLOTNOVLKN oUVOEON
. PART Il — Complete English scientific synthesis
o MEPOZ Ill / PART lll — Kowvég elKOVEG, TEXVIKA TtapapThpata Kat BLBAloypadia / Shared figures,

technical appendices and references

rewypadikn npoetdonoinon. H Sopudopikr avaluon tng emidpavelakng Bepuokpaciog apopd to
BaAaoolo mapdBupo Mapou—Avtinapou. Ot avaluaoelg mAnpoug otAng 0-300 m Kal ot
TIEPLOCOTEPEG BLOYEWXNMULKEG avalUoelg adopouv Babutepo nepldepelako medio Twv Kevtplkwy
KukAadwv. Aev amoteAolV PETPNON HECO OTOUC TTAPAKTLOUG OPUOUC TG Mapou.
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MEPOzZ I: EAAHNIKH EKAOzH

MAnpnc enotnuovikn cuvdeon

Z0voyn o€ pia oceAida

H 8aAaocoa yupw amod tnv MNapo kat otig Kevrpkeg KukAadeg Sev mapouatalel amAwg pio okoAouBia
MEHOVWUEVWY Bepuwv Kalokalplwv. H avaAuon §0pudoplkwv mopatnpioewy Kal EMAVAVOAUCEWY TOU
Copernicus Marine 8giXVvel JLa OTATLIOTIKA LOXUPN, TTOAUSEKQETN LETOTOTLON TIPOC OEPUOTEPEG
ouvOnkec. H péon Beppokpaoia emipavelag oto Baddaooio mapdBupo Mapou—Avtindapou avéndnke
KaTd mepimou 0,40°C ava dekaetia to 1982—-2025. To 2024 rjtav to BepoTEPO MANPEC £TOC TNG OELPAC,
ME péon avwpaAia epinmou +1,31°C évavtl tng KAnatoAoyiag 1991-2020.

H Bépuavon &ev neplopiletal otnv enipavela. Ito avotnpo Babu nepidepelokod nedio Twv Kevrpikwy
KukAadwv, n péon Bepuokpacia avéndnke katd nepinou +0,446°C ava dekaetia ota 0-20 m, +0,454°C
ota 20-100 m kat +0,331°C ota 100-300 m katd to 1987-2025. H péon tacon tng mAnpouc otniAng 0-300
m Atav +0,372°C avé Sekactia, .ooduvapn He avénon Beppikol Teplexopuévou mepinou 1,44 W/m?. To
2024 eixe yéon Bepuokpactakn avwuadio mepimou +1,18°C kat péon avwpaiio Bepuikol MePLEXOUEVOU
+1,445 GJ/m?2 otn otriAn 0-300 m.

H &ladopetiky taxvtnta Bfppavong HeTtofl avwtepwv Kol Babutepwv OTPWUATWY €Vioxuoe TN
otpwudtwon. H dtadopd mukvotntag petafy 0-20 kot 100-300 m au€ribnke katd nepinou 0,0403 kg/m3
ava Sekaetia. H péan MUKVOUETPLKN avtiBeon tng meplddou 20162025 Atav katd 13,7% peyalltepn
and ekeivn tou 1987-1996. H pakpoxpovia taon eival Kuplwg Oegpuikn: n alatotnta ennpedlet
ONUOVTLKA LEPOVWHEVA €T, AAAG eV e€nyel Ttnv MANpPN avodikn Tdon.

OL BloyewxnULKEG OUVETELEG €lval Tilo oUvBetec. H Bépuavon €xel peElwOoeL Ye PeYAAn PeBatdtnta tn
SlaAutotnTa tou ofuyovou. H povtehomolnuévn POYUOTLK) CUYKEVTPWON 0fUYOVOU LELWVETAL oTa O—
100 m otav xpnolpomnoleitat oAokAnpn n mepiodog 1999-2025, aAAd n tdon sival svaicBntn ota
npoodata akpaia £tn. Asv umdpxel £véelgn mepipepelakng umofiag ota 0-300 m. Ta emidavelakd
Bpentikd ATav efalpeTikd XaunAd to 2024, evw N VITPOKALWNAG Kal To Babu péyloto XAwpodUAANG
petakwnBnkav Babutepa. Asv avixveUETOL OUWE OTATIOTIKA aodAANG LAKPOXPOVLOL KOTAPPEUCH TNG
YAwpodUAANG 1 TNG KaBapn¢ MPWTOYEVOUG TapaywWYNG.

H kaBapdtepn xnuikn petaPoln sivat n oivion. To pH pewwvetal katd nepimouv -0,011 £€wg -0,012
povadeg ava dekaetia oe oAokANnpn tn otAn 0—300 m. AuTo avTLoToLXEL 0€ aUENON TNG EVEPYOTNTOG TWV
Lovtwv udpoyovou katd 2,6—2,9% avd Sekaetio. H TAon MApAUEVEL OTATIOTIKA LOXUPN OKOUN KOL OTAV N
avaluon Teploplotel otnv MARPwWC Snuooleupévn epiodo 1999-2019. To 2024 rTav To XOUNAOTEPO £T0G
pH og 6Aa ta e€eTalopeva oTpwUATA.

O kopeouog apaywvitn Sev epdavilel akOUn OTATIOTIKA 0.opOAr) MTWTLKA Tdon. H un Bgpuikn petafoin
TOU avOPaKIKOU CUCTHOTOC LELWVEL TOV KOPECSUO, 0AAG n B€ppavan amo povn g tov avéavel ehadpa
HEow TNG Bepuoduvaplkng Looppomiag, OCUYKOAUTITOVIAE UEPOC TNG MTwong. Aev gudavioTnke
povteAomolnuévn TN Q apaywvitn kdtw anod 3 oto Pabu mepidpepelakd nedio. Auto Sev amotelel
anodelén Boloyikng aodpdalielac. Avtibeta, o mapayovtag Revelle aufaveTtal oTaTIOTIKA aflomoTa KOTA
nepimou 0,50-0,62% ava dekaetia, deiyvovtag OTL N pUBULOTIKI LKAVOTNTA TOoU vepoU e€acBevel.
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Kevtpiko cupnépaopa. H 6alaocoa twv Kevtpikwyv KukAadwv yivetal Bepudtepn os Babog,
TIEPLOCOTEPO OTPWHOTOTOLNLEVN, TIEPLOCOTEPO OELVN KAl ALYOTEPO XNULKO OVOEKTIKI) OE TIEPALTEPW
pooBnkn avbpaka. Agv TEKUNPLWVETAL OLKOAOYLKN KOATAPPEUOH: TEKUNPLWVETAL OPWE HETABOAN TNG
dUOLKAC KAL XNULIKAG BAoNE TAVW oTNV oTtola AELTOUPYEL TO OLKOCUGTNUA.

1. ZKOTOG KOl EMLOTNHOVLKO TTAalioLo

H Meaodyelog eival pia nuikAelotn 6alaocoa pe €vtovn avtaAlayr Bepuotntag, vepol Kol dAGTWV LE
v atpoodatpa. H AvatoAikn Meadyelog xapaktnpiletal and vPnAn eEatuion, avénuévn ahatdotna,
oAwyotpodia katl evepyr Snuoupyla mukvwy USATVWY palwv. AUTA TA XAPAKTNPELOTIKA TV KaBlotouv
WOlattepa evaiocBbntn o petaBolég tng Beppuokpaoiag, Tng xelpepvig Puéng, Tou uSpoloyikou
Looluyiou Kkal tng kukAodopiag.

H Ndpog dev avtipetwiletal edw w¢ ATMOUOVWHUEVO ONUELO. ATTOTEAEL VNOLWTLKA MEPIMTWON HECQ OE Eval
gUpUTEPO cuotnua: Meooyelog - AvatoAiky Meodyelog = Alyaio = Kevtpikég KukAadeg - MNapoc—
Avtinopoc. H kApatikn BuBAloypadia tomoBetel tnv AvatoAikr) MeooyeLo avALESA OTLC TIEPLOXEG OTIOU N
B£puavaon, n oTpwHATWoN Kal n ofivion pmopouv va e€eAtxBolv ypriyopa, aAAd n mapoloa epyacia dev
Bewpel ek TWV MPOTEPWV OTL KABE TIEPLPEPELAKO CUUTEPATHA LOXUEL auToUaLo otnv MNapo. EAEyyeL To
onNUa Pe cUYKeKpLUEVa dedopéva Kot SnAWVEL pnTA To YewypadLko eninedo kABe amoteAéoUATOG.

Ta Baolkd epwThuata eival TEooepa:

1.  YMAPXEL OTATIOTIKA a€LOTILOTN LaKPOXPOVLIa BEpavaon 1 oL TpoodaTeg avwualieg elval amAwg
akpaio aAAQ LEPOVWHEVA £TN);

2. Neplopiletal n BEpuavon otnv emidpavela i €xeL 6N eloxwpnoet oe Babocg kal oTo Bepuko
anoBepa tng 6alacoag;

3.  Zuvodeletal n BEpuavon anod LoxupOTEPN OTPWUATWAON KL ATIO OVIXVEUGCLUES BLOYEWXNULKEG
METAPBOAEG;

4.  Ymdpyel aflomotn ofivion Kal Tt onpaivel ylo Tov avBpakikd KOPECKO Kal T pUBULOTIKN
LkavOTNTA TOU VEPOU;

2. AcbopEVa, XWPLKOG OPLOMOG KOl ATTOSELKTLKA LOXUG
H avaAuon xpnoluomolel Tpelg KUpLEG KaTnyopieg dedouévwy.

Dopudopky Bepuokpaocia emipavelag. H pakpoxpovia oelpd 1982-2025 mpoépyxetal amd TO
enavenefepyoopevo mpoidv Copernicus Marine SST_MED_SST_L4 REP_OBSERVATIONS_010 021:
nUepnoLa, vuxteplvr) Beppokpacia Bepeliov tng emudpavelas, xwpkng avaiuong 0,05°. Ma tn Aemtopepn
xaptoypddnon tou 2024 xpnoitomnouibnke to umepuPnAng avaluong mpoiov tng idlag unnpeoiag,
niepimou 1 km. H Sopudopikr) SST €xeL TNV LOXUPOTEPN AUEDN APATNPENOCLAKY BACH TNG LEAETNG, AAAG
Sev elval Beppokpacia AououEvou otnv akth oUTe LecnuPpLvr Beppokpacia pnxou Opuou.

®duowkn snavavalvon. H Beppokpacia, n alototnta, to BAOOC HKTOU OTPWHATOC KAl TO Ogpuiko
TiepLEXOUEVO TIpoEpXovTaL amo to MEDSEA_ MULTIYEAR _PHY 006 004, avahuong 1/24° ) mepinou 4-5
km kat 141 koatakopudpwv emmnedwy. To cvotnua Baciletal oto NEMO kal adopolwvel katakopuda
npodil Beppokpaciac—alatotntag kat dopudopikd dedopéva otadung. Eival povrélo pe adpopoiwaon
TAPATNPOEWV, OXL CUVEXNG TOTILKH LETPNON.
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Bloyswxnutkn enavavaluon. To ofuyovo, ta Bpemtikd, n xAwpodUAAN, n mpwTtoyevig mapaywyn, To DIC,
N OAWKr aAkoAwoTnTa Kal to pH mpogpxovtal and to MEDSEA_ MULTIYEAR BGC 006 008, avdAuong
neptmou 4 km kat 125 smuunédwv. To MedBFM3 efavaykaletal amd tn GUOIKN €mavavalucn Kot
adopolwvel €BSopadiaia Sopudopikl YAwpodUAAN emidbdavelag. Juvenwg, n Bepuokpacia €xel
LOXUPOTEPN AVEEAPTNTN TTapATNPNOLakn BAaon amo to ofuyovo, Ta BpemTikd 1) To avOpakLlkd cuoTnUa.

Ma tnv mAnpn otnAn 0—300 m opiotnke yewdaltikog KUKAOG aktivag 75 km pe kévtpo tv Napo, 37,05°N
Kot 25,15°E. Ao autov xpnotpomnotndnkav povo 184 Baldooia keAld mou Stabétouv mAnpn otin 300
m. H ouvolAikn eruddveld toug eivat 3.156,44 km?2. Ixnuatifouv svvea acUvEeTec BabLég AeKAVEC Kal TO
mAnoLéotepo KeAl améxel 39,64 km armo to kévtpo tng Napou. H avotnpn autn emiloyn e€aodalilel koo
KOTOKOPUGDO amOTUTWHA, 0AAG ATTOKAELEL TAL pNXA TTAPAKTLA VEPQL.

H Llepapynon twv tekunpiwv ivat:

1 QUECEC TOTIKEC ETUTOTILEG TAPATN PN TELG, OTIOU UTIAPXOUV,
2 60pudOpPLKEC TTAPATNPNOELG,

3.  duowkn emavavaiuon pe adopolwaon Sedopévwy,

4 Bloyswyxnukn emavavailuon,

5.  euputepn nepudepetakn BipAloypadia kat poBoAEc.

OL YPOUULKEG TAOELG EAEYXONKav e SlooThpata epmiotoouvng 95% kat Stakupavon Newey—West/HAC
yLoL XPOVLKI) QUTOCUGXETLON. XPNOLUOTIOWBNKAV oUUTANPWHATLIKA EKTLUNOELG Theil-Sen kat éAeyyol
Kendall  Mann—Kendall. Ot puoikeg avwpaiies avadpépovtal Kupiwg otnv kKAlpatoAoyia 1991-2020 kat
ol BloyewxnNUKEC ouYKploELg oTov HEoo O6po 2000—2019. H otatiotikr aBefatdotnta g TAoNS
Slakpivetal amno tn dopkn afefatdotnta Tou HovtéAou.

3. H emudpaveiakn O€ppavon Napov—Avtndapou

H péon etriola SST au€nbnke katd +0,3997°C ava dekaetia to 1982—-2025. To StAoTnUA EUTLOTOCUVNG
95% eival +0,309 €wg +0,490°C ava dekaetia kal n mbavotnta n Tdon va mpogkuPe tuxaia sivat
e€alpetikd uikpn. H Theil-Sen ektipunon, +0,424°C ava dskaetia, kat o Kendall o6nyouv oto 610
ocupmnepaopa. H péon SST tng dekaetiag 2016—-2025 rtav kata 1,36°C uPpnAdtepn amod ekeivn Tng
dekaetiog 1982-1991.

H Béppavon epudaviletal oe OAEG TIC EMOXEG, OAAG €lval eviovotepn To KoAokaipt kal to ¢pOwonwpo:
nepimou +0,464°C ava OSekacetia to KaAokaipt kat +0,437°C to $pOwoOnMwpo. Autd aufdvel T
Beppokpactakr Bacn mMAvw otnv omola ekdnAwvovtal oL PPoxUXPOVIEG OKpaileg ouvOnkeg. Evag
KoUowvag 1dlou petewpoloyikol peyeboug Spa mAéov mavw o€ nén Bepudtepn Baiacoa.

To 2024 ixe péon SST 20,895°C kat avwpaAia +1,311°C and 1o 1991-2020. Htav 1o Beppdtepo MANPES
€T0G TNG OELPAC, Unpootd armd to 2010 kat to 2023. H AEMTOUEPNG XWPLKN XapTtoypddnon £6elEe péon
eTAoL0 avwpaAia mavw amnod +1°C e oAokAnpo 1o efetalopevo Balacolo mapdBbupo Kal £wg mepimou
+1,38°C ota Bepuodtepa keAld. e MOAAEC O€oelg, n nuepnola avwuodio emépaoce tov +1°C yla
TeploooTePEG amnod 200 nUEPEG.

Me Tov oplopo BaAAcalou KaUowva TToU XPNoLUoToLel To 900 eKOTOOTNUOPLO TNC eplodou 1982-2011,
TOUAQXLOTOV TEVTE CUVEXOUEVEC NUEPEG KAl SUVOTOTNTO GUVEECNC EMELCOSIWV UE ULIKPO KEVO, OL NUEPEG



H MEZOrFEIOZ NOY AAAAZEI / THE CHANGING MEDITERRANEAN | TOMOZ | / VOLUME |

Baldoolou kavowva auénBnkay Katd nepinou 28,5 NUEPEG ava dekaetia. O aplBuog e€aptdatal anod Tov
0pLOUO KaL tn Baon avadopag, aAld n katevBuvon TNG LeTaPOANG ival cadnc.

4. H Oéppavon KAtw ano tnv enupaveia

H puokn emavavaluon 1987-2025 deixvel 0tL n BEppavan €XeL OGN eloxwpnoeL Babid. 1o Kowo
anotunwua Twv 184 keAlwv, n Taon ATav:

Taon 95% Siaotnua Newey-

S Oeppokpaciag West ST T
0-20 m +O'446°Lca/ bekagt +0,382 éwc +0,511 +0,116 W/m?
20-100 m +o,454°£ca/ bekagt +0,360 éwc +0,547 +0,470 W/m?
100-300 m +o,331°£ca/ bekagt +0,275 éwc +0,388 +0,858 W/m?
0-300 m +0,372°C/bexaet +0,312 éwg +0,432 +1,443 W/m?

L

H tdon napapével BeTIKNA KOL OTATLOTIKA LOXUPH 0 OA0 To Katakopudo npodiA Eéwg nepimou 300 m. Kovta
ota 300 m n ektipnon eivat nepimou +0,30°C ava Sekaetia. Asv avixvelBnKe otaTlOTIKA aoaAnG
TETPAYWVLKH EMLTAXUVON TNG TACNC 0Tn oUVTopn nepiodo 1987-2025- auto ev onUOLVEL OTL N KALLATIKN
Bfpuavon 8ev EMITAYUVETAL TTAYKOOUIWG, OAAQ OTL N CUYKEKPLUEVN TOTILKOTEPLDEPELAKN OElpA Oev
Slakpivel afLomioto KapmUuAOGTNTO TEPA Ao TNV LOXUPH YPAUULKH TAoN.

MNepimou 59,4% TG pLakpoxpoviag avgnong Beppikol rieplexopeévou 0—-300 m Bploketal oto otpwpa 100-
300 m, 32,5% ota 20-100 m kot 8,0% ota 0—20 m. Ta mocootd ennpealovial amo To maxog Kabe
OTPWHOTOG. Map’ OAa auTd, AmodelkVUOUV OTL TO HEYAAUTEPO PEPOG TNG IPOCOETNG EVEPYELAC TNG OTHANG
6ev Bploketal ota avwtepa 20 m. H Badhacoa €xeL amoktriiosl Babid Oepuikn LvAun.

To 2024 n Beppokpaciakn avwualia Atav nepinouv +1,36°C ota 0-20 m, +1,58°C ota 20-100 m Kal
+1,00°C ota 100-300 m. H péon avwuadia tng mAnpoucg otnAng ntav +1,18°C. Ano tnv €tnola Yéon
ovwpoaAia Bepuikol meplexopévou, mepinou 56,5% Pplokotav ota 100-300 m.

5. Ogpuiko LoolUyLo Kat n KAnpovouia tov 2024

MNa va e€etootel av 1o e€alpetikod Bepuikd poptio e€nyeital povo and tnv atpoodalpa,
KOTOOKEUAOTNKE SLayVwoTLko L.ooluylo:

MetapoAn Oeppikov niepiexopévou 0-300 m = avwpalio ka@aprg emidpavelakng pong +
umoAourno.

H emudavelakn por mponABe amno to Copernicus £wg tov Mato 2023 kot emektdBnke pe ERA5 €wg tov
AeképPplo 2025. H avakataokeun aloAoynbnke e EMTA CUVEXOUEVA TUNUATA SLACTAUPWUEVNG
enoAfiBeuonc: unviaio ouoyxgétion 0,997, RMSE 12,31 W/m? kat RMSE etrjolou péoou mepimnou 6,30
W/m?2.
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To 2023 eixe Betikn entpavelakn avwuaAia, ToAD pnxOTEPO ULKTO OTPWHO KAl HEYAAN avénon Bepuikol
Teplexopévou. Ano tov Oktwpplo 2023 €wg tov Maptio 2024 n kaBapn emipavelaky avwuaiia nTav
niepinou +17,27 W/m?, evw TO LULKTO OTpWHA ATV KATA HEGO 6po 26,3 m pnXOTEPO ard TNV KAlLatoAoyia.
‘Etol, to 2024 Eekivnoe n6n pe peyalo mAeovaopa BeppoTNTOC CUYKEVIPWUEVO OE UIKPOTEPO OYKO VEPOU.

Ao tnv avolgn €wg to Kohokaipt tou 2024 n emipdvela cuvexloe va TipocoBetel Bepuotnta. To
$Owonwpo, Ouwg, oL aunuéveg Aavbdvouoeg amwAeleg avieotpePav To €TAOLO0 MPOCNHUO TNG
QVAKOTAOKEUAOHEVNG PONG. Mapd tTnv YPuén Twv avwtepwyv 100 m npog To TEAOG TOU £TOUG, TO OTPWHA
100-300 m képdioe nepimou 0,428 GJ/m? and AsképPplo os AeképPpro. H mAipng otiAn képdioe 0,278
GJ/m2.

210 TPLETEG Sldotnua 2023-2025, n owpeuTK eridavelakr avwpoiio fAtav nepinmou 40,411 GJ/m?, evw
10 BepUIkd TEpLEXOUEVO TOU AskepBpiou auv€ndnke katd +1,188 GJ/m2. To Betikd urndlourto, +0,776
GJ/m?, Seixvel OTL n MAUPIKA KOl KOTaKOpudn petadopd, n avakatavour tng Bepuodtntag Kot ot
SLadpopeg Twv eMavavaAUoEWV ELvVOL OUCLWEELG. AEV ETITPETEL AKOUN TNV ATTOS00N TOU OTOTEAECLATOG
o€ évav LovaSIKO LNXOVIOUO.

To 2025 nmpoodépel TNV avaykaia S10pBwaon otnv L6£a OTL KAOE BepUO £TOC CUGCWPEVEL UNXAVLKA VEO
Tomiko ¢doptio. Mapd tn Betkn emupavelaky avwpoAio, to Bepulkd meplexopevo Aeskeupplou—
AexepPpiou €uewve oxedov apetdPfAnto: ta avwtepa 100 m képbdloav Beppotnta, evw ta 100-300 m
gxaoav oxebov avtiotolyn moocotnta. H Bepuotnta pmopel va anobnkeVETaL, VO AVOKATAVEUETAL (| VA
e€ayetal ano 1o nepldepelako nedio.

6. ZTpWHATWON, KATaKOpudNn avapelen Ko dnuiovpyia Babéwv vdatwv

H otpwpatwon ekdpalel tn otabBepotnta tng udativng otNAng. OTav To AVWTEPO VEPO Elval
ehadputepo amnod to Babutepo, amatteital EVEpYELO yLa va avapelxBouv ta otpwpata. H Bépupavaon
LELWVEL TNV TIUKVOTNTA, EVW N avénon tng alatotntag tnv avavel. N’ autd n Bepuokpaoia emibpavelag
amo povn tng dev apkel yla va meplypa el Tnv Katakopudn kukAodopia.

MetprOnkav tpelg avtiBeoelg petaty 0-20 kat 100-300 m: Beppokpaciag, aAatoTNTACG KAL TTUKVOTNTOG.
H Bgpuikn avtibson av€ndnke katd +0,115°C avd Sekaetia Kot n TTUKVOUETPLKT Katd +0,0403 kg/m? ava
Sekaetia. Kat ot 500 TAoELS elval oTATIOTIKA LOYXUPEG. H avtiBeon alatdtntag dev mapouaciaoe aflomotn
pakpoxpovia taon. H péon mukvopetpikn avtiBeon auéndnke and 0,968 kg/m3 to 1987-1996 o= 1,100
kg/m3 1o 2016-2025.

H evioxuon eudaviletal T1600 t0 KOAokaiplt 600 Kal Tov XeWwva. To 2024 sixe tn HeEyaAUTEPN ETHOLA
TIUKVOUETPLK avtiBeon oAokAnpng tng meptddou, 1,235 kg/m3, katd 0,172 kg/m3 uPnAdtepn amod tn
Baon 1991-2020. Ekeivo T0 £€T0G N aAATOTNTA EVIOXUCE €MLMAEOV TN oTtaBepoTnTa, MapoTL Sev e€nyel T
Hakpoxpovia taon. To 2023 eixe TV LOXUPOTEPN XELLEPLVI TIUKVOUETPLKA avTiBeon kal cupudwVveLl Le TNV
€lKOVA TNG acuvnRBLoTa pnXNG XELLEPLVAG AVAUELENG TTOU TtponynOnke Tou 2024,

loxupOTEpN OTPWUATWON UTOPEL VO UELWOEL TN HETADOPA BPENMTIKWY TPOG TNV eUdwTtn {wvn Kal va
SuokoAEPel Tov agplopd Babutepwy oTpwpdTwy. Mmopel emiong va emnpedcel TN dSnULoupyila TUKVWY
véatwy, Stadkacia katd tnv omola évtovn xelepvi YPun kat EATLON AUEAVOUV TNV TTUKVOTNTA TWV
eMLPAVELAKWVY VEPWV HEXPL va BuBlotouv. To Alyaio CUUUETEXEL EVEPYA OTNV QVAVEWGCH TwWV USATIVWV
palwv g AvatoAwkng Meooyelou kat n Stadikacia eival emelcodlakn: €va oAU Puxpo 1 aApupo
XEWEPLVO EMELCOSLO UMOPEL TTPOCWPLVA VAL UTIEPVLKIOEL TN HECN TAON.
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OL KALPOTIKEG TIPOPBOAEG UTIOSELKVUOUV OTL N EVIOXUON TNG OCTPWUATWONG UMOPEL VO LELWOEL GNUAVTLKA
™ HeMovTik Snuoupyia mukvwy udatwv oto Awyaio (Parras-Berrocal et al.,, 2023). Auto eival
nepldepelakn TPoPoAn Kot OxL amoTéAEoUa TNG SIKAG LA LoTopLKNG dlayvwong. H mapoloo avaiuon
TEKUNPWWVEL TNV avfénon NG aviiotacng otnv oavauewn: &ev umoloyilel ameuBeiag Oykoug
Snuoupyolpevwy BabEwv uSATWY, KOTAKOPUGEC TOXUTNTEG I} POEC LECO OO CUYKEKPLUEVA OTEVA.

7. O¢uyovo, Bpemtikd Kat XAwpodUAAN

H Bepuokpacia emnpealel to ofuyovo pe dUo SladopeTikolg Tpomoud. MpwTtov, To BepudTepo veEPO
SlaAUeL Alyotepo oEuyovo — pia apecn GuoLKoxnULK enidpacon. AeUTtepov, N CTpWHATWON, N
QVAUELEN, N TTOPAYWYH KAl N avarmvon Winopolv va LETABAAOUV TNV TTPAYUATIKY) cUyKEVTpwon. H
Slakplon eivat kpiowun.

Ztnv meplodo 1999-2025, n HOVIEAOTOLNUEVN TPAYUOTLK OUYKEVTpwon O, pewwBnke katd -1,248
mmol/m?3 ava dskaetia oto 0-20 m kat -1,100 mmol/m?3 ota 20100 m. ta 100-300 m n tdon, -0,149
mmol/m?3 avd Sekaetia, Sev ATav oTATIOTIKA onuavtiky. H Bswpntikf Stalutotnta petwdnke taxvtepa,
nepimov -1,68 £€w¢ —1,91 mmol/m3 avd Sekostia. Autd Seixvel OTL N QVIXVEUOUEVN €TLPAVELAKN
anofuyovwon odeiletal Kupiwg otn duaoikn peiwaon tng StalutotnTag Kot 0L o€ amodedelypévn avénaon
avarmnvong n anoclvBeong.

H tdon tng mpayUaTikig cuykEVTPWaon G elval evaiocBntn otnv nepiodo. 2to avotnpodtepo Staotnua 1999—
2019 dev mepvd 10 6pLo 5%, evw n pelwaon TG SLAAUTOTNTOG TTOPAEVEL ONUAVTLKN. ZUVETTWG, N GUCLKA
enidpaon tng BEpuavong eivatl LoxupoTEPO VPNUA ATIO TN LAKPOXPOVLO BLOYEWwXNHLKA amotuyovwon.

To 2024 Atav 1o XaUNAOTEPO £TOC LOVTEAOTOLNUEVOU OEUYOVOU O OAA TA OTPWHATA, UE ONMOKALOELG
niepimou -1,0 £wg -2,0% and to 2000-2019. Ot amoAuTeg TIUEG, Tiepinou 7,1-7,4 mg/L, mapéuewvay oAU
TIAVW oo To ouvNBwWG XpNOoLUoToLOUEVO OpLo uTtofiag Twy 2 mg/L. Asv urtdpxeL vOeLEn TepLdepELaKN(
unoéiag ota 0—-300 m.

Ta VITPLKA Ttapouciaocay MTWTIKEG Taoelg ota 0-20 kat 100-300 m ywa to 1999-2025, evw ta Babutepa
dwaodopikd pelwdnkav emionc. MoAAEG amod auTEG TIG Taoelg e€acbevouv otav adalpeBolv Ta £Tn LETA
To 2019 KOl TPEMEL VA XAPOAKTNPLOTOUV WG MPOoPaTA EVIOXUOUEVEG eVOEiEELG. H eTAOLA TIUKVOUETPLKN
OTPWHATWON CUCYETI(ETAL apVNTIKA HE Ta €MIGAVELAKA VITPIKA OKOUN KOl PETA TNV adaipeon Tng
VPOUULKAG TAoNC, 0AAG GUCLKO Kal BLOYEWXNULKO TTPOIOV gival ouleEUYHEVA KOL N CUCXETLON Oev amoteAEl
avetaptntn alttwdn anodelén.

To 2024 eixe ta xapunAotepa enidpavelakd VITPLKA Kal dwodopLka TnG oeLpdg: epinou -18,4% kot -32,1%
avtiotolya £vavtl tou 2000-2019. To Beplvod umoemipaveLaKO PHEYLOTO 0Euyovou BpeBnke mepimou 17 m
BaButepa, To PaOU pEYLoTo YAwpodUAANG 12,5 m Babutepa Kat N VITpokAWVAS twv 1 mmol/m?2 nepinou
15 m BaButepa. H tautdxpovn petatomnion givat cupBatr pe Pabutepn amopovwaon Twv BPEMTIKWY Kal
™G mapaywylkng {wvng. Ol HOKPOXPOVIEG TAOEL aUTWV Twv Boabwv, wotdco, Sev elval OTATIOTIKA
aodalelc.

H xAwpodUAAn dev mapouactalel aflomioTn LAaKpOXPOVLA TACN OE KavEVA oo Ta Baclkd otpwpoata. To

anéOspa 0—-100 m Atav 14,1% xopnAotepo amno tn Bacn to 2024 kot 1o SeUTEPO XOUUNAOTEPO TNG OELPAG,
OAAG N SLaXPOVLIKN HETABANTOTNTA SEV EMUTPEMEL VA UANOOULE YL TEKUNPLWHEVN KATAPPELON).
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8. Npwtoyevn¢ mapaywyr Kot to ¢pavoueVviKo apadoéo tov 2024

H yAwpodUAAN Sev elval tautdéonun Le th putomAayktovikn Bopala kot n Blopala Sev sival
TOUTOONUN HE TOV pUBUO Tapaywync. H eldikn avaluon tou avBpaka Tou GUTOTMAAYKTOU Kal TG
KaBapn¢ mpwTtoyevoug mapaywyng avedelfe éva onuavtiko mapadofo.

To 2024 €ixe tn xapnAOTePN €TroLa GUTOMAAYKTOVLKN Blopdla avOpaka TNG LOVTEAOTIOLNLEVNG CELPAG,
nepimou 19-21% kdtw amd tn Baon avaioya Le to oTpwua. Map’ 6Aa autd, n kabapr TPWTOYEVAS
napaywyr 6ev pewwbnke oe etola Bacn. Itn otyAn 0-300 m Atav n uPnAdTEPN TLUH TOU HoVTEAOU. H
napaywyrn ava povada Bopalog Atav eniong n uPnAotepn, unmtoSelkvuovtag TaxUTEPN AVOVEWGSN TOU
AvBpaKa KoL OVAYKOOTIKA aUENUEVEC OUVOALKEG amwAELleG PEow Booknong, avarmnvong, Bvnowuotnrtag,
SlaAuong N e€aywyng.

H emoyikn elkova e€nyel HEpog Tou amoteAéopatos. To kalokaipt Tou 2024 n NPP 0-100 m pewwdnke
Katd mepinou 8%, evw n PBlopdla pewwbnke katda 31,8%. H xewepivy, avoléldtikn kot ¢pBwonwpvn
napaywyn Atav avénuévn kat aviotabuios tn Bepv kKA n. Auto ival cupBaTO PE oVAKOTAVOUNA TNG
ETIOXLKOTNTOG, OXL LE YEVIKEVUEVN TTOUCN TNG TTAPAYWYNG.

O Aoyo¢ YAwpodUAANG TpoG GUTOTTAAYKTOVIKO avBpoka oufAveTal OTATIOTIKA aflomiota. Etol n
¥AWPOGUAAN UMOPEL VA UTTOEKTLUA TNV MTTWON TNG MPAYHOTIKAG Blopdlag avBpaka. To 2024 to Bepvo
MEYLOTO YAWPODUAANG KOl TO HEYLOTO GUTOMAQYKTOVIKOU AvBpaKka cuvEneoav nepinou ota 118 m, aAAd
QUTO Sev onpalvel 0tL kabe BabU péyloto YAwpodpUAANG eival mavtote péyloto Blopalag.

To amnotéleopa eival blaitepa poviehoefaptwuevo. Ito BFM n Beppokpaocia emitayUvel TOAAEG
petaPolikéc Olepyaociec péow ouvaptnong QI10. AAMQ  PECOYELOKA HOVIEAQ, HE OlLadOpPETIKN
TIOPOLLETPOTIONGN TNG TIPOCAPHOYN G KOL TWV BPEMTIKWY, UMOPOUV VA TIOPAYyoUV SLadOPETIKI ATOKPLOT).
H aodpaing Statumwon gival 6tL §ev amoSeIKVUETAL LOKPOXPOVLA KATAPPEUCN TIOPAYWYLKOTNTAS, AAAQ
10 2024 napouactalel cadn npocdatn LETATOTLON TNE AEITOUPYLOC TOU TTEAAYIKOU CUCTHOTOG.

9. O¢ivion g otAng 0-300 m

To pH slvat AoyaplBuKo HETPO TNG EVEPYOTNTAC TWV LOVTWY USpoyovou. Meiwan tou pH v onuaivet
OTL To BaAaooLVO VEPO YIVETAL OELVO UE TNV KABNUEPLVN Evvola H OTL MEDTEL KATW amod 7. Inuoivel
UETATOMLON TIpOC PeyaAUTepn ofutnta. Mtwon 0,01 povadwyv avtiotolyel mepimou o avénon H* kata
2,3%.

H tdon tou pH eival n kaBapotepn Bloyewyxnuikn LetafoAr tng avaAuonc:

ITpWHA Méco pH 2000-2019 Tdon ava dekaetia AUEnon H*/8ekaetia pH 2024
0-20 m 8,1043 -0,01233 +2,88% 8,0806
20-100 m 8,1244 -0,01211 +2,83% 8,0960
100-300 m 8,1409 -0,01103 +2,57% 8,1178
0-300 m 8,1338 -0,01141 +2,66% 8,1092

'OAeg ol TAOELG €lval OTOTIOTIKA LOXUPECG He S10pBwon Newey—West kol MAPAUEVOUV CNUAVTIKEG OTO
1999-2019. H ofivion 6ev dnuoupyeital povo amno ta £€tn 2023—-2025 kal dev nmeplopiletal o€ pia emoyn.
To 2024 Atav 1o YounAotepo £€to¢ pH og OAa Ta otpwpaTa KAl n evepyotnta H* ntav nepinou 5,5-6,8%
vPnAdtepn amnd tn Baocn.
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O SlaAupévog avopyavog avBpakag avEavetol katd riepinou +16,6 £éwg +17,1 umol/kg ava dekaetia kot
N oAwkn aAkaAlkotnta katd +14,7 €wg +15,3 umol/kg. H alatdtnta avéavetal katd nepinouv 0,09-0,10
PSU ava Oekaetia, ondte uépog tng avodou DIC kat TA odeiletal o ocupmukvwon. Opwg oL TUEC
Kavovikormotnpéveg oe ahatdtnta 38 auvfavovtal emiong kat o Adyog DIC/TA auvfdvetol os OAa ta
otpwpata. H petaBoln dev e€nyeital povo amno sEatuion.

H uvdnAn aAkaoAwotnta tng AvatoAlkng Mecoyeiou Asltoupyel wg puBULOTIKO amoBepa, aAlAd Sev
amotpEneL TNV ofivion. H ypniyopn avavéwon kot BuBion vdatvwv polwv UMopesl Tautoxpova vo
SleukoAUveL TN petadopa anoppodnuévou avBpaka os peyalutepa Badn. H mpwtn uPnAng cuxvotntag
oelpa pH kat pCO, otov mAwtnpa HpakAeiou mpoodépel xprnoun e€wteptkr avadopd, oaAAd n UIKpn
SLAPKELA TNG KaL N amootacn dgv TNV kKablotolv Tomikn enikUpwon twv KukAadwv (Frangoulis et al.,
2024).

10. AvOpOKLKA LOVTO, KOPEOUOG KOl PUOMLOTIKA LKavVOTNTA

To pH 6ev apkei yia tnv aflohdynon tou avBpakikol cuotripatoc. H cuykévtpwon COs2 kat o Badudc
kopeapouL Q kaBopilouv To Beppoduvapikod TeplBwpPLo TWV OpUKTWV avBpakikol acBeatiou. To Q=1
gival to 6pLo Beppoduvaplkol KOPEoUOU, OXL KOBOALKO BLOAOYIKO KATWAL.

OL urtoAoylopol €ywvav og kaBe tplodldotato keAl katl priva pe PyCO2SYS 1.8.3.4, xpnotpomnowwvtag DIC
kat TA, Bepuokpacia, ahatotnta, rieon kot pwodopikd. H kUpla emthoyr otaBepwv Hansson/Dickson—
Millero avamapryoye 1o ecwteptkd pH tou MedBFM pe RMSE nepimou 0,00060. AUTO TEKUNPLWVEL
OPLOUNTIKN ECWTEPLKN) CUVETELA, OXL aveEApTNTN Mapatnpnotakn akpifela. To enionpo QUID avadépet
RMSD pH mepimou 0,034-0,042 évavtl pecoyelakwy in-situ deSopévwv ota 0—-300 m.

H péon Q apaywvitn tng Baong ntav 3,924 ota 0-20 m, 3,776 ota 20-100 m kot 3,561 ota 100-300 m.
Ol KEVTPLKEG TAOELG ATav apvnTikég, —0,0134, —-0,00837 kal —0,00322 ava deskaetio avtiotoya, aAAd
Kavéva dlaotnua eumiotoolvng dev amékAeloe To pundév. H pelwon Twv avBpoKKwy OVIWY NTav
OTATLOTIKA oNUAVTIKA Lévo ota 0-20 m yia tnv mAnpn iepiodo kat oxtL oto 1999-2019.

Jtov £Aeyxo 2.623.104 onueiwv—pnvwv dev gudaviotnke Q apaywvitn katw and 3. H xapunAotepn Tun
™G KUpLag Avong ntav mepinmou 3,314 kat otnv evallaktiki Avon Lueker 3,284. H amoucia xapnAou
LOVTEAOTIOLNMEVOU KOPEOHOU OTo UTePAKTIo Tedio Oev amokAeiel BloAoykég emMIOPACEL( TOU
XapnAotepou pH, oUte SLOPOPETIKA AKPA O pNXOUG OPHOUC OTIOU N AVOTVOr), N Ttapoywyr], Ta YAUKA
VEPQA KAl N NUepnola PetaBAntotnta lval LoxupoTepa.

H &idomaon tng taong €6elée otL mepinmou 47-52% tng ntwong pH eival n dpeon Beppoduvaplkn
enidpaon tng B£puavonc kot 48-53% n un Bepuikn ouviotwoa DIC-TA—aAatotntac—pwodoplkwv. H un
BepULKN CUVIOTWOO PELWVEL TNV Q apaywvitn, evw n Béppavon amo povn tng tnv avavel eAadpd. Etol
oL dUo emibpdoslc aAlnloavaipolvtol ev pépel. H «un Bepuikn» ouviotwoa 6gv ooltal e
avBpwroyeveg CO,: meplhapPBavel eniong kukAodopia, avapelgn, Blodoyia, alatdotnta Kot PETAPBOAES
OAKAALKOTNTOG.

O SlayvwoTtikdg pCo, avénbnke kata +12,8 £wg +15,9 patm ava dekaetia kal o mapayovrag Revelle koata
+0,0489 £wg +0,0590 ava dekaetia, r mepimov 0,50-0,62%. OL TACELG €lval LOXUPEC KOL TIOPAPEVOUV
ONUOVTLIKEG 0To 1999-2019. Autd eival To oTaBepdTEPO CUUMEPATHA TNG SEUTEPNG GAONG: AKOWN KL OTOV
n Q dev £xel oadr MTWTLKA TAON, N 6l oxetikr mpooBnkn DIC mpokaAsi otadlakd LeyaAUTEPnN GXETLKNA
avénan pCO,. H avBpakikn puBuion e€acbevel.

10
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11. Eviaia eppnveia: éva cuotnpo TOAAAAWY TUECEWV

Ta anoteAéopata oxnuatifouv pia cuvektiki oAAG OxL amAoikn aAucida. H dvodog tng Bepuokpaociag
QUEAVEL TO BEPULKO amOBepa Kal, ETTELSN TA AVWTEPA OTPWHATO Bepuaivovtal TaxUTEPQ, EVICYXUEL TN
OTpWHATWON. H LoYupOTEPN OTPWUATWON QUEAVEL TNV OVTIOTAON OTNV AVAMELEN Kal UITopEl va
TEPLOPLOEL TNV avaTpodobOTNnon BPeMTIKWY 1 ToV agplopo. MapdAAnAa, n B£ppavon LELWVEL AUECO TN
StaAutotnta ouyovou kat to pH. H aténon tou DIC og oxéon He TNV AAKOALKOTNTO TTPOCOETEL pLa
Seutepn, un Bepuikn cuvictwoa ofiviong.

Aev akoAouBoUv OAeg ot petaPAntég Tnv ibla katevBuveon oute TNV (Sla TaxuTnta. To ofuyovo Sev £xel
dBaoel oe untoika emineda. H xAwpodpUAAN kat n NPP Sev mapouaotdlouv anodedelypévn pakpoxpovia
katappeuon. H Q apaywvitn mapoapével uPnArn Kal wplg otatiotika acdaln Taon, v HEPEL EMeLdN N
Bépuavon avrtiotabuilel Bepuoduvapika T pn Bepuikn mrtwon. Ot dalvopevikeG avilidpaocelg Sev
avalpouv TN PeTaPolr tou cuotnuatog: deixvouv OTL SLapopeTIKOL PNXOVIOUOL Kal XPOVIKEG KAIHLOKEG
oAAnAemiSpouv.

To 2024 Aewtoupyel wg Sokiun avtoxng. Zuvduace Bepuodtnta KAnpovounuevn amnod to 2023, pnxotepn
XEWEPLVA avapelen, ubnAn Beppokpacio oe BABOG, LEYLOTN TIUKVOUETPLKN avTiBeon, xapunAd ofuydvo
KoL Bpemtikd, xaunAn Blopdla ¢utomAayktou Kot To xapnAdtepo pH. Asv gixe opwg tn xaunAdtepn Q
apaywvitn olTe tn YapnAotepn etriolo NPP. Auto akplpwg amodelkvUEL OTL N Kotaotoon tne Balacoag
Sev umopetl va eplypadel pe évav povadiko Seiktn.

H toayutepn petafoAn tng AvatoAlkng Meooyeiou 8ev €xel pia HOVO TOTUKN altio. ZUVOEETAL YE TN
BE€ppavon TnG UTEPKELEVNG ATLOOPALPAG KAL TWV YUPW NIELPWTLKWV TIEPLOXWV, TN dUOCN TNG NUIKAELOTNG
AekAvNng, TG METOPOAEC TNG XEWMEPWAG OMWAELNG BeppotnTag, TNV €EATHLON KOL QAQTOTNTA, TN
OTpWUATWON Kal TN petadopd uddtivwy palwv. H Stk pag avaluon tou wooluyiou emiBeotwvel OTL N
Torkn enudavelakn por) Sev apkel mavta yLa va e€nynoeL tn LetaBoAr tou Bepuikol epleXoEVoU. Agv
amnotelel, OpwG, MANPN atwdn anodoon Tou nepldPePeLakol KALLATIKOU OALATOG.

12. TLyvwpi{ouue, TL UTTOSEIKVUETAL KOl TL eV £XEL amodeLyOel

YPnAn epriotooivn
. YIapyeL Loxupn pakpoxpovia Béppavaon tng empavelag Napou—Avtumapou.
. H B¢puavon ekteivetal Touldaylotov €wg ta 300 m oto Babu nepidepelako nedio.
. To BepuiLko meplexopevo 0—300 m aUEAVETAL CNUAVTLIKA.
. H TTUKVOUETPLKA OTPWHATWON EVICXUETOL KUPLwG Adyw Sladoplkig BEpuavaongc.
o H StoAutotnta Tou 0§UyovoU LELWVETOL.

¢ To pH pewwvetat oe 6An t otAn 0-300 m Kal n Tdon MPoUTMAPXEL TWV aKpaiwy eTwy 2023—
2025.

o O DIC auavetal avaAoykd ToxuTePA oo TNV AAKAALKOTNTA.

¢ To pCO; kat o mapdyovtag Revelle avéavovtat, unodeikviovtag e€aocbévnon TG PUBLOTLKAG
LkavoTnTog,.

11



H MEZOrFEIOZ NOY AAAAZEI / THE CHANGING MEDITERRANEAN | TOMOZ | / VOLUME |

MétpLa | povTeEAOEEAPTWHEVN EUMLOTOCUVN

H mpaypatikn ouykévtpwon ofuyovou pewwvetal ota 0—-100 m otnv mAnpn nepiodo, aAAd to
gupnua e€aptatal amno ta npochata £1n.

Oplopéva BpenTikd MapouoLalouV MTWTLKEG TACELG KAl N TopaywyLkn {wvn LETOKLVAONKE
BaButepa t0 2024.

To 2024 eixe pikpOTEPN PuTOMAAYKTOVIKN Blopdla Kot TaxUTEPO KUKAO avBpaka.

H pn Beppuikn LetafoAr LELWVEL TOV KOPECSUO apaywvitn, aAAd n cuvoAlkn taon Q Sev gival
OKOWN OTATIOTIKA acdaAnG.

Aev €xeL anodelyOel

Aev UTtAPYXEL TOAUETNC in-situ xpovooelpa Beppokpaaciac, ofuyovou, pH, DIC kal TA otoug
O0puoug tne MNapou kat TG Avtutapou.

Aev €xel moooTIKomoLnBel dpeoa n tomikn dnuloupyia Babéwv udatwv 1 n TpLodlaototn
petadopa BepuodTnTag Kot avBpoaka.

Aev €xel amodelyBel mepLdepelakn umolia, KATAPPEUON TPWTOYEVOUG IOPAYWYNE N EMLKiVOUVOG
UTIOKOPECKOC apaywvitn.

Aev pmnopouv va anodoBouv eMIMTWOoELG 0 cuyKeKpLpéva i6n, AiBadla Mooeldwviag,
OALELUOTA 1 TIAPAKTLOUG OLKOTOTIOUG XWPLG BLOAOYLKEG KOLL ETILTOTILEG TTAPATN PN OELG.

H un Beppikn mtwon pH dev punopet akoun va katavepundel mAnpwe o avBpwroyeveg CO,,
KukAodopla, Bloloyia kot peTaBOAEC AAKOALKOTNTAG.

13. Mpdtaon Tonikn¢ mapakoAovOnong NMNapouv—Avtutapou

H onuavtikdtepn emopevn emévduon Sev eival GANO £va PEUOVWHEVO Selya aAAQ LA CUVETTAG
Xpovooelpd. Eva pealloTtiko npoypappa Oa nmpémnel va mepAappBavet:

1.

Zta0epig O£0ELG: Evav MAPAKTLO OpRO UE évtovn avBpwrivn emidpaan, pia avolytr mapaktia
B£on kal pia BaButepn unepaktia B€on avadopdc.

Katakdpuda npodil: Ospuokpacia, ahatotnta, ofuydvo, xYAwpodUAAn kat BoAdtnta and thv
empavela €wg tov uBpéva f Touddxlotov £wg 100-300 m 6mou elval epLKTO.

AvOpakikd cUotnua: Touldylotov SUo avedptnteg LETaBANTEG, LOavikd pH oAk KA{HaKag
poll pe oAwkn aAkaAwkotnta f DIC, e mioTomoLnpéva IPOTUTIA KAl AN PN LETASESOUEVA.
Tuyxvotnta: emoxtkn detypatoAnyia wg EAdxLoTo, eVioxupévn o Bepud eneloodla, pe
OQUTOVOHOUG aLoBNnThpeg Beppokpaciag kal ofuyovou uPnAGTEPNG CUXVOTNTAC.

BloAoykr) cUvdeon: dutonmAayktov, MNoosldwvia, aocBfeotomnolol opyaviopol kat Bacikd
OALEUTIKA €16, WOTE oL PUCLKOXNHLKEG LETAPBOAEG Vo oUVEEBOUV E TTPAYUATIKEG OLKOAOYLKEG
amnokploeLg.

Avolkta dsdopéva: dnuoota tekpnpiwon pebodwv, Babpovopnonc, afeBatdtntag Kot
XPOVOOELPWY, WOTE OL LEAAOVTIKEG AVOAUCELG VOL ELVOLL OLVATIOP QLY WY LLLEG.

To nmpoypappo mpENeL va oxedlaotel o ouvepyaoia pe to EAKEOE, MavemotnULOKA EpYOOTHPLa,

Tormikoug dpopeig, emayyeApatieg tng BGdAacoag kal oxoAeia. H CUUETOXN TIOALTWY UIMOPEL vaL ETIEKTELVEL
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TN XWPLKN KAAUN BEPUOKPACLOC KOL OPOTWVY OLKOAOYIKWVY GaLVOUEVWY, dANG eV avTikaBlotd TV
OVOAUTLKH TIOLOTNTO TIOU QTOULTEL TO avBpaKIKO cUOTNUAL.

14. TeAKO CUMTIEPpAOHQL

To LOYUPOTEPO ATMOTEAECHA TNE TAPoUonG epyaciog eival otL n petaBoAn dev eivat oute pévo
emupavelakr olte povo Beppuikr). H Bépuavaon €xet eloxwpnoel o BAaBog, €xel aunoel To BepULKO
anoéBepa Kal £XeL evioXUOEL Th OTpWUATWON. Navw og autr t véa ¢uoikn Baon epdavidovral
ULKPOTEPN SlalutoTnTa 0fuyovou, GAAAYECG OTNV KOTOVOLN BPEMTIKWY Kol TNG Tapaywytkng lwvng,
otaBepn oivion kot e€aoBévnon tng avOpaKIkAg puBULONG.

H pehétn Sev neplypadel pla OdAaocoa mou €xel Nén katappevoet. Meplypadel pia Balaocoa tng onolag
To TeplBwpla  petafariovral: BepUlkOd TEPLOWPLO YO OPYAVIOUOUG, EVEPYELOKO TEPLBWPLO yLo
KaTaKkopudn avapelEn, Stalutotnta ofuyovou Kat XNULKO eplBwplo amévavtl os pocbeto avOpaka. H
amnouoia onuepvng umofiac N xapnAov Q dev eival Adyog epnouxacpou- eivat n apetnpio anod tnv onoia
TPETEL VA TTAPAKOAOUBCOULE TTOGO YPNYOoPa LELWVETAL N avOeKTIKOTNTA.

MNa tnv Mapo, n emotnuovikd umevBuvn Slatinwon eival SumAn. Mpwtov, To TePLPEPELAKO
wkeavoypadlkd onua gival nén Loxupo Kol cUVeNEG. AsUTEPOV, N TIPAYUATIKY €KBECN TWV MOPAKTLWY
OLKOCUOTNUATWY KOl TWV TOTIKWV KOLWWVLKWV—OLKOVOUIKWY Spaotnplotitwyv &ev  umopel va
TIPOOSLOPLOTEL XWPLG LOVLUN ETTLTOTILA TTapakoAouBnon. H teAikn afia autr¢ tng olvBeong dev gival povo
OTL meplypddel 6oa yvwpiloupe, aAAd OtL kaBopilel pe akpiBela TL TpEmel va LeTPnOel 0T CUVEXELDL.
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PART II: ENGLISH EDITION

Complete scientific synthesis

One-page summary

The sea around Paros and across the Central Cyclades is not simply experiencing a sequence of isolated
hot summers. Satellite observations and Copernicus Marine reanalyses reveal a statistically strong,
multi-decadal shift towards warmer conditions. Mean sea-surface temperature in the Paros—Antiparos
marine window increased by approximately 0.40°C per decade over 1982—-2025. The year 2024 was the
warmest complete year in the record, with a mean anomaly of about +1.31°C relative to 1991-2020.

The warming is not confined to the surface. Within the strict deep-water regional footprint of the Central
Cyclades, mean temperature increased by approximately +0.446°C per decade at 0—-20 m, +0.454°C at
20-100 m, and +0.331°C at 100-300 m during 1987-2025. The average trend over 0—300 m was +0.372°C
per decade, equivalent to an ocean heat-content increase of about 1.44 W/m?2. In 2024, the mean 0-300
m temperature anomaly was approximately +1.18°C, while the annual mean ocean heat-content anomaly
reached +1.445 GJ/m?2.

Because the upper layers warmed faster than the deeper layer, stratification strengthened. The density
difference between 0—20 and 100-300 m increased by approximately 0.0403 kg/m? per decade. Mean
density contrast in 2016-2025 was 13.7% greater than in 1987-1996. The long-term signal is
predominantly thermal: salinity strongly affects individual years but does not explain the full upward
trend.

The biogeochemical responses are more complex. Warming has very clearly reduced oxygen solubility.
Modelled oxygen concentration declines in the upper 100 m when the full 1999-2025 period is used, but
this trend is sensitive to the most recent extreme years. There is no indication of regional hypoxia within
0-300 m. Surface nutrients were exceptionally low in 2024, while the nutricline and deep chlorophyll
maximum shifted downwards. There is, however, no statistically secure evidence of a long-term collapse
in chlorophyll or net primary production.

The clearest chemical change is acidification. pH declines by approximately —0.011 to —-0.012 units per
decade throughout the upper 300 m. This corresponds to a 2.6—2.9% increase in hydrogen-ion activity
per decade. The decline remains statistically significant when the analysis is restricted to the fully
published 1999-2019 reanalysis period. The year 2024 had the lowest pH in every layer examined.

Aragonite saturation does not yet show a statistically secure downward trend. Non-thermal changes in
the carbonate system lower saturation, whereas warming alone raises it slightly through thermodynamic
effects, masking part of the decline. No modelled aragonite saturation value below 3 occurred in the
offshore deep-water footprint. This is not proof of biological safety. The Revelle factor, in contrast,
increased significantly by approximately 0.50-0.62% per decade, showing that the carbonate buffering
capacity of the water is weakening.
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Central conclusion. The sea of the Central Cyclades is becoming warmer at depth, more stratified,
more acidic, and less chemically resistant to further carbon addition. Ecological collapse is not
demonstrated. A shift in the physical and chemical foundation on which the ecosystem operates is
demonstrated.

1. Purpose and scientific setting

The Mediterranean is a semi-enclosed sea with intense exchanges of heat, freshwater and salt with the
atmosphere. The Eastern Mediterranean is distinguished by strong evaporation, high salinity,
oligotrophy and active dense-water formation. These characteristics make it particularly sensitive to
changes in temperature, winter cooling, the hydrological balance and circulation.

Paros is not treated as an isolated point. It is an island case embedded within a wider system:
Mediterranean - Eastern Mediterranean - Aegean —» Central Cyclades - Paros—Antiparos. The climate
literature identifies the Eastern Mediterranean as a region in which warming, stratification and
acidification may develop rapidly. This report does not assume that every basin-scale conclusion applies
unchanged to Paros. It tests the signal using defined datasets and states the geographic level of each result
explicitly.

The investigation addresses four principal questions:

1. Isthere a statistically reliable long-term warming trend, or are the recent anomalies merely
extreme but isolated years?

2. Iswarming confined to the surface, or has it penetrated into the water column and the sea’s
heat reservoir?

3. Is warming accompanied by stronger stratification and detectable biogeochemical change?

4. s acidification statistically robust, and what does it mean for carbonate saturation and buffering
capacity?

2. Data, spatial definition and strength of evidence
The analysis uses three main classes of data.

Satellite sea-surface temperature. The 1982-2025 time series comes from the Copernicus Marine
reprocessed product SST MED _SST L4 REP_OBSERVATIONS 010 021: daily nighttime foundation
SST at 0.05° resolution. The detailed 2024 map uses the approximately 1 km ultra-high-resolution product
from the same service. Satellite SST provides the strongest direct observational foundation in this study,
but it is not a swimmer’s shoreline measurement or a midday temperature in a shallow bay.

Physical reanalysis. Temperature, salinity, mixed-layer depth and ocean heat content come from
MEDSEA_MULTIYEAR_PHY 006 004, with a 1/24° grid, approximately 4-5 km, and 141 vertical levels.
The system is based on NEMO and assimilates temperature—salinity profiles and satellite sea-level data.
It is a data-assimilative model, not a continuous local observing station.

Biogeochemical reanalysis. Oxygen, nutrients, chlorophyll, primary production, DIC, total alkalinity and
pH come from MEDSEA MULTIYEAR BGC_©06 008, at approximately 4 km and 125 vertical levels.
MedBFM3 is driven by the physical reanalysis and assimilates weekly satellite surface chlorophyll.
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Temperature therefore has a stronger independent observational basis than oxygen, nutrients or
carbonate-system variables.

For the complete 0—-300 m analysis, a 75 km geodesic circle centred on Paros at 37.05°N, 25.15°E was
defined. Only 184 marine grid cells containing the complete 300 m column were retained. They cover
3,156.44 km?, form nine disconnected deep basins, and the nearest grid cell lies 39.64 km from the centre
of Paros. This strict choice guarantees a common vertical footprint but excludes shallow coastal waters.

The hierarchy of evidence is:

1 direct local in-situ observations, where available;
2.  satellite observations;

3.  physical reanalysis with data assimilation;

4 biogeochemical reanalysis;

5. wider regional literature and projections.

Linear trends use 95% confidence intervals with Newey—West/HAC covariance to account for temporal
autocorrelation. Theil-Sen estimates and Kendall or Mann—Kendall tests provide robustness checks.
Physical anomalies are mainly relative to 1991-2020; biogeochemical comparisons use 2000—-2019.
Statistical uncertainty in a trend is kept distinct from the structural uncertainty of the underlying model.

3. Surface warming around Paros and Antiparos

Annual mean SST increased by +0.3997°C per decade during 1982—-2025. The 95% confidence interval is
+0.309 to +0.490°C per decade, with an extremely small probability that the trend arose by chance. The
Theil-Sen estimate, +0.424°C per decade, and the Kendall test lead to the same conclusion. Mean SST
during 2016-2025 was 1.36°C higher than during 1982-1991.

Warming occurs in every season but is strongest in summer and autumn: approximately +0.464°C per
decade in summer and +0.437°C in autumn. This raises the thermal baseline on which shorter extreme
events occur. A heatwave of the same meteorological magnitude now acts upon a sea that is already
warmer.

The year 2024 had a mean SST of 20.895°C and an anomaly of +1.311°C relative to 1991-2020. It was the
warmest complete year in the record, ahead of 2010 and 2023. High-resolution spatial analysis showed a
mean annual anomaly greater than +1°C throughout the marine window, reaching about +1.38°C in the
warmest grid cells. In many locations, the daily anomaly exceeded +1°C on more than 200 days.

Using a marine-heatwave definition based on the 90th percentile of 1982—-2011, a minimum duration of
five days and limited joining of closely separated events, marine-heatwave days increased by about 28.5
days per decade. The exact number depends on the definition and baseline, but the direction of change
is clear.

4. Warming below the surface

The 1987-2025 physical reanalysis shows that warming has already penetrated deeply. Across the
common 184-cell footprint, the trends were:
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Layer Ten'ltg:z;zture 95% I;l:t‘:elfvya_lweSt Heat uptake

0-20m +0.446°C/decade +0.382 to +0.511 +0.116 W/m?
20-100 m +0.454°C/decade +0.360 to +0.547 +0.470 W/m?
100-300 m +0.331°C/decade +0.275 to +0.388 +0.858 W/m?
0-300 m +0.372°C/decade +0.312 to +0.432 +1.443 W/m?

The trend remains positive and statistically strong throughout the vertical profile to approximately 300 m.
Near 300 m the estimate is about +0.30°C per decade. No statistically secure quadratic acceleration was
detected within the relatively short 1987-2025 series. This does not contradict accelerating global climate
change; it means that this regional record does not distinguish curvature reliably beyond its strong linear
trend.

Approximately 59.4% of the long-term 0—300 m heat-content increase lies in the 100-300 m layer, 32.5%
at 20-100 m and 8.0% at 0—20 m. These shares are influenced by layer thickness. Nevertheless, they
demonstrate that most of the additional energy in the water column is not confined to the upper 20 m.
The sea has acquired a deep thermal memory.

In 2024, temperature anomalies were approximately +1.36°C at 0-20 m, +1.58°C at 20-100 m, and
+1.00°C at 100-300 m. The mean full-column anomaly was +1.18°C. About 56.5% of the annual mean 0-
300 m heat-content anomaly resided at 100-300 m.

5. Heat budget and the legacy of 2024

To examine whether the exceptional heat burden could be explained by the atmosphere alone, a
diagnostic budget was constructed:

I Change in 0—-300 m ocean heat content = net surface-flux anomaly + residual.

Surface fluxes came from Copernicus through May 2023 and were extended with ERA5 through
December 2025. Seven blocked cross-validation intervals produced a monthly correlation of 0.997, an
RMSE of 12.31 W/m?, and an annual-mean RMSE of about 6.30 W/m?2.

The year 2023 combined a positive surface-flux anomaly, a much shallower mixed layer and a large
increase in heat content. From October 2023 to March 2024, the net surface anomaly averaged
approximately +17.27 W/m?, while the mixed layer was on average 26.3 m shallower than climatology.
The year 2024 therefore began with a substantial inherited heat surplus concentrated within a smaller
volume of water.

From spring through summer 2024, the surface continued to add anomalous heat. In autumn, enhanced
latent-heat loss reversed the reconstructed annual sign. Despite cooling in the upper 100 m by year-end,
the 100-300 m layer gained approximately 0.428 GJ/m?2 from December to December, and the complete
column gained 0.278 GJ/m?2.

Across 2023-2025, the cumulative reconstructed surface anomaly was approximately +0.411 GJ/m?,
whereas December ocean heat content increased by +1.188 GJ/m?2. The positive residual, +0.776 GJ/m?,

17



H MEZOrFEIOZ NOY AAAAZEI / THE CHANGING MEDITERRANEAN | TOMOZ | / VOLUME |

shows that lateral and vertical transport, heat redistribution and differences between reanalysis products
are essential. It cannot yet be assigned to a single mechanism.

The year 2025 provides an important correction to the idea that every warm year mechanically adds to
the local heat reservoir. Despite a positive surface anomaly, December-to-December heat content
changed very little: the upper 100 m gained heat while the 100-300 m layer lost nearly the same amount.
Heat may be stored, redistributed or exported from the regional domain.

6. Stratification, vertical mixing and dense-water formation

Stratification describes the stability of the water column. When upper water is lighter than deeper
water, energy is required to mix the layers. Warming reduces density; increasing salinity raises it. Sea-
surface temperature alone is therefore insufficient to describe vertical circulation.

Three contrasts between 0—20 and 100—300 m were examined: temperature, salinity and density. Thermal
contrast increased by +0.115°C per decade, and density contrast by +0.0403 kg/m3 per decade. Both
trends are statistically strong. Salinity contrast showed no reliable long-term trend. Mean density contrast
rose from 0.968 kg/m?2 during 1987—1996 to 1.100 kg/m? during 2016—-2025.

The strengthening is visible in both summer and winter. The year 2024 had the largest annual density
contrast in the complete record, 1.235 kg/m3, or 0.172 kg/m3 above the 1991-2020 mean. Salinity
reinforced stability in that particular year even though it does not explain the long-term trend. The year
2023 had the strongest winter density contrast, consistent with unusually shallow winter mixing before
the 2024 maximum.

Stronger stratification may reduce nutrient supply to the euphotic zone and impede ventilation below. It
can also influence dense-water formation, through which intense winter cooling and evaporation make
surface waters dense enough to sink. The Aegean participates actively in the renewal of Eastern
Mediterranean water masses, and the process is episodic: a very cold or saline winter may temporarily
overcome the mean tendency.

Climate projections suggest that stronger stratification may substantially reduce future dense-water
formation in the Aegean (Parras-Berrocal et al., 2023). This is a regional projection, not a result of our
historical diagnosis. Our analysis demonstrates increasing resistance to mixing; it does not directly
estimate dense-water volumes, vertical velocities or flows through specific passages.

7. Oxygen, nutrients and chlorophyll

Temperature affects oxygen in two distinct ways. First, warmer water dissolves less oxygen — a direct
physicochemical effect. Second, stratification, mixing, production and respiration can alter actual
concentration. Keeping these mechanisms separate is essential.

During 1999-2025, modelled oxygen concentration declined by —1.248 mmol/m?3 per decade at 0-20 m
and -1.100 mmol/m?3 at 20-100 m. The -0.149 mmol/m3 trend at 100300 m was not statistically
significant. The theoretical saturation concentration declined faster, by approximately -1.68 to -1.91
mmol/m? per decade. This indicates that the detected upper-ocean deoxygenation is driven primarily by
lower solubility rather than a demonstrated increase in respiration or organic-matter decomposition.
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The actual-concentration trend is period-sensitive. It does not cross the 5% significance threshold in the
stricter 1999-2019 interval, whereas declining solubility remains significant. The direct physical effect of
warming is therefore more robust than long-term biogeochemical deoxygenation.

The year 2024 had the lowest modelled oxygen concentration in every layer, approximately 1.0-2.0%
below the 2000-2019 mean. Absolute values, around 7.1-7.4 mg/L, remained far above the commonly
used hypoxia threshold of 2 mg/L. There is no indication of regional hypoxia at 0—300 m.

Nitrate showed downward trends at 0—20 and 100-300 m over 1999-2025, and deeper phosphate also
declined. Several trends weaken when years after 2019 are removed and should be described as recently
strengthening indications. Annual density stratification is negatively correlated with surface nitrate after
detrending, but the physical and biogeochemical products are coupled; this is not independent causal
proof.

The year 2024 recorded the lowest surface nitrate and phosphate in the series, approximately 18.4% and
32.1% below the baseline. The summer subsurface oxygen maximum was about 17 m deeper, the deep
chlorophyll maximum 12.5 m deeper, and the 1 mmol/m?® nutricline about 15 m deeper. Their
simultaneous displacement is consistent with deeper isolation of nutrients and the productive layer, but
their long-term depth trends are not statistically secure.

Chlorophyll shows no reliable long-term trend in any principal layer. The integrated 0-100 m stock was
14.1% below baseline in 2024 and the second lowest in the series, but interannual variability does not
support a claim of demonstrated collapse.

8. Primary production and the apparent 2024 paradox

Chlorophyll is not identical to phytoplankton biomass, and biomass is not identical to production rate. A
dedicated analysis of phytoplankton carbon and net primary production revealed an important apparent
paradox.

The year 2024 had the lowest annual modelled phytoplankton carbon biomass in the record,
approximately 19-21% below baseline depending on layer. Yet annual net primary production did not
decline. Over 0—300 m, it was the highest value produced by the model. Production per unit biomass was
also the highest, suggesting faster carbon turnover and necessarily greater aggregate losses through
grazing, respiration, mortality, dissolution or export.

Seasonality explains part of the result. During summer 2024, 0-100 m NPP declined by approximately 8%,
while biomass declined by 31.8%. Higher winter, spring and autumn production offset the summer
reduction. The result is consistent with seasonal redistribution, not a general cessation of production.

The chlorophyll-to-phytoplankton-carbon ratio increases significantly. Chlorophyll may therefore
understate the reduction in carbon biomass. In summer 2024, the deep chlorophyll maximum and
phytoplankton-carbon maximum coincided at approximately 118 m, but this does not imply that every
deep chlorophyll maximum is always a true biomass maximum.

This result is especially model-dependent. In BFM, temperature accelerates many metabolic processes
through a Q10 function. Other Mediterranean models, with different formulations of adaptation and
nutrient limitation, can produce different responses. The defensible conclusion is that long-term
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productivity collapse is not demonstrated, while 2024 displays a clear recent shift in pelagic-system
functioning.

9. Acidification throughout the upper 300 m

pH is a logarithmic measure of hydrogen-ion activity. A decline in pH does not mean that seawater
becomes “acidic” in the everyday sense or falls below pH 7. It means a shift towards greater acidity. A
decline of 0.01 pH unit corresponds to an increase of roughly 2.3% in H* activity.

The pH trend is the clearest biogeochemical change in the analysis:

Layer Mean pH 2000-2019 Trend per decade H* increase/decade pH in 2024
0-20 m 8.1043 -0.01233 +2.88% 8.0806
20-100 m 8.1244 -0.01211 +2.83% 8.0960
100-300 m 8.1409 -0.01103 +2.57% 8.1178
0-300 m 8.1338 -0.01141 +2.66% 8.1092

Every trend is statistically strong with Newey—West correction and remains significant over 1999-2019.
Acidification is not created solely by the 2023—-2025 extremes and is not confined to one season. The year
2024 had the lowest pH in all layers, with H* activity approximately 5.5—-6.8% above baseline.

Dissolved inorganic carbon increased by approximately +16.6 to +17.1 umol/kg per decade, and total
alkalinity by +14.7 to +15.3 umol/kg. Salinity increased by approximately 0.09-0.10 PSU per decade, so
part of the DIC and TA rise reflects concentration. However, values normalised to salinity 38 also rise, and
the DIC/TA ratio increases in every layer. The change cannot be explained by evaporation alone.

The high alkalinity of the Eastern Mediterranean provides a substantial buffer but does not prevent
acidification. Rapid renewal and sinking of water masses may also facilitate the transfer of absorbed
carbon into deeper layers. The first high-frequency pH and pCO, time series at the Heraklion buoy provides
a valuable external reference, but its short duration and distance from the Cyclades do not make it a local
validation dataset (Frangoulis et al., 2024).

10. Carbonate ions, saturation and buffering capacity

pH alone is insufficient to characterise the carbonate system. Carbonate-ion concentration and
saturation state Q describe the thermodynamic margin for calcium-carbonate minerals. Q=1 is the
thermodynamic saturation boundary, not a universal biological threshold.

Calculations were performed for every three-dimensional grid cell and month with PyCO2SYS 1.8.3.4,
using DIC and TA together with temperature, salinity, pressure and phosphate. The selected
Hansson/Dickson—Millero constants reproduced the internal MedBFM pH with an RMSE of approximately
0.00060. This establishes numerical internal consistency, not independent observational accuracy. The
official QUID reports pH RMSD values of approximately 0.034—0.042 against Mediterranean in-situ data
at 0-300 m.

Baseline mean aragonite saturation was 3.924 at 0-20 m, 3.776 at 20—100 m and 3.561 at 100-300 m.
Central trend estimates were negative — -0.0134, —-0.00837 and -0.00322 per decade, respectively —
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but none of the confidence intervals excluded zero. Carbonate-ion decline was significant only at 0-20 m
for the complete period, not during 1999-2019.

Across 2,623,104 point-month calculations, no aragonite saturation value below 3 occurred. The minimum
was approximately 3.314 using the primary solution and 3.284 under the alternative Lueker constants.
The absence of low modelled saturation in the offshore footprint does not exclude biological effects of
lower pH or different extremes in shallow bays, where respiration, production, freshwater inputs and diel
variability may be stronger.

Trend decomposition showed that approximately 47-52% of the pH decline is the direct thermodynamic
effect of warming, while 48-53% is the non-thermal DIC-TA—salinity—phosphate component. The non-
thermal component lowers aragonite saturation, whereas warming alone raises it slightly. The two effects
therefore partly cancel. “Non-thermal” is not synonymous with anthropogenic CO,; it also includes
circulation, mixing, biology, salinity and alkalinity change.

Diagnostic pCO; increased by +12.8 to +15.9 patm per decade, and the Revelle factor by +0.0489 to
+0.0590 per decade, or approximately 0.50-0.62%. These trends are strong and remain significant during
1999-2019. This is the most consistent conclusion of the second carbonate phase: even where Q does not
yet show a clear decline, the same relative DIC addition progressively produces a larger relative rise in
pCO,. Carbonate buffering is weakening.

11. Integrated interpretation: a multiple-stressor system

The findings form a coherent but not simplistic chain. Rising temperature increases heat storage and,
because upper layers warm faster, strengthens stratification. Stronger stratification raises resistance to
mixing and may limit nutrient resupply or ventilation. At the same time, warming directly lowers oxygen
solubility and pH. A rising DIC-to-alkalinity relationship adds a second, non-thermal acidification
component.

Not every variable changes in the same direction or at the same rate. Oxygen has not reached hypoxic
levels. Chlorophyll and NPP do not show a demonstrated long-term collapse. Aragonite saturation remains
high and lacks a statistically secure trend, partly because warming thermodynamically offsets the non-
thermal decline. These apparent contradictions do not negate system change; they reveal the interaction
of distinct mechanisms and timescales.

The year 2024 serves as a stress test. It combined heat inherited from 2023, shallower winter mixing, high
temperature at depth, record annual density contrast, low oxygen and nutrients, low phytoplankton
biomass and record-low pH. Yet it did not have the lowest aragonite saturation or the lowest annual NPP.
This is precisely why the state of the sea cannot be described by a single indicator.

Rapid change in the Eastern Mediterranean does not have one local cause. It is linked to atmospheric and
surrounding land warming, the semi-enclosed nature of the basin, changes in winter heat loss,
evaporation and salinity, stratification, and water-mass transport. Our heat-budget diagnosis confirms
that local surface forcing alone does not always explain changes in regional heat content. It is not,
however, a complete causal attribution of the regional climate signal.
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12. What is known, what is indicated and what is not demonstrated

High confidence

Strong long-term surface warming is present around Paros—Antiparos.

Warming extends to at least 300 m in the deep regional footprint.

Ocean heat content over 0—-300 m is increasing significantly.

Density stratification is strengthening, primarily through differential warming.
Oxygen solubility is declining.

pH is declining throughout 0—300 m, with a trend predating the 2023—-2025 extremes.
DIC is increasing proportionally faster than alkalinity.

pCO, and the Revelle factor are increasing, indicating weaker buffering capacity.

Moderate or model-dependent confidence

Actual oxygen concentration declines in the upper 100 m over the full period, but the result is
sensitive to recent years.

Some nutrients show downward trends, and the productive layer shifted deeper in 2024.
The year 2024 had lower phytoplankton biomass and faster carbon turnover.

Non-thermal change lowers aragonite saturation, but the total Q trend is not yet statistically
secure.

Not demonstrated

There is no multi-year in-situ time series of temperature, oxygen, pH, DIC and TA in bays around

Paros or Antiparos.

Local dense-water formation and three-dimensional heat and carbon transport have not been
directly quantified.

Regional hypoxia, collapse of primary production and hazardous aragonite undersaturation have

not been demonstrated.

Impacts on specific species, Posidonia meadows, fisheries or coastal habitats cannot be
attributed without biological and local observations.

The non-thermal pH decline cannot yet be partitioned fully among anthropogenic CO,,
circulation, biology and alkalinity change.

13. A local observing strategy for Paros and Antiparos

The most valuable next investment is not another isolated sample but a consistent time series. A
realistic programme should include:

1.

Fixed sites: one human-influenced bay, one open coastal site and one deeper offshore
reference site.

Vertical profiles: temperature, salinity, oxygen, chlorophyll and turbidity from the surface to the

seabed, or to at least 100—300 m where feasible.
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3. Carbonate system: at least two independent variables, ideally total-scale pH together with total
alkalinity or DIC, supported by certified reference materials and complete metadata.

4.  Frequency: seasonal sampling as a minimum, intensified during warm extremes, with
autonomous higher-frequency temperature and oxygen sensors.

5. Biological connection: phytoplankton, Posidonia, calcifying organisms and important fishery
species, allowing physicochemical change to be linked to actual ecological responses.

6. Open data: public documentation of methods, calibration, uncertainty and time series so that
future analyses are reproducible.

The programme should be developed with the Hellenic Centre for Marine Research, university
laboratories, local institutions, marine professionals and schools. Citizen participation can extend spatial
coverage of temperature and visible ecological events, but it cannot replace the analytical quality
required for carbonate-system measurements.

14. Final conclusion

The strongest result of this investigation is that change is neither surface-only nor temperature-only.
Warming has penetrated into the water column, increased heat storage and strengthened stratification.
Upon this altered physical foundation, we detect lower oxygen solubility, changes in nutrient and
productive-layer distribution, persistent acidification and weakening carbonate buffering.

The report does not describe a sea that has already collapsed. It describes a sea whose margins are
shifting: the thermal margin available to organisms, the energetic margin for vertical mixing, oxygen
solubility, and the chemical margin against additional carbon. The present absence of hypoxia or low Q is
not a reason for complacency; it is the baseline from which the rate of declining resilience must be
monitored.

For Paros, the scientifically responsible conclusion has two parts. First, the regional oceanographic signal
is already strong and coherent. Second, the actual exposure of coastal ecosystems and local social and
economic activities cannot be determined without sustained local observations. The value of this
synthesis lies not only in describing what is known, but also in defining precisely what must be measured
next.
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MEPOZ lli: KOINA MAPAPTHMATA / PART Ill: SHARED
APPENDICES

Noapdptnua A. Baoikad apltopntika svpripata / Appendix A. Key quantitative findings

, . Mepiodog /
Agiktng / Indicator Period
SST Napou—Avtunapou /

Paros—Antiparos SST 1982-2025
AvwpuaAia SST 2024 / 2024 vs 1991-
2024 SST anomaly 2020

Oeppokpacio 0-300 m /

0-300 m temperature 1987-2025
Oepuikn pdoAnyn 0—

300 m / 0-300 m heat 1987-2025
uptake

nUKVOHETpLKn avtibeon 1987-2025
/ Density contrast

0,0-20m 1999-2025
pH 0-300 m 1999-2025
H* 0-300 m 1999-2025
Q apav.wvutr] 0-300 m/ 1999-2025
Aragonite Q

Revelle 0-300 m 1999-2025

Kevtpiki) extipnon /
Central estimate

+0,400°C/6¢k. / decade

+1,311°C

+0,372°C/6¢k. / decade

+1,443 W/m?

+0,0403 kg/m?3/8¢k.

-1,248 mmol/m?3/5ek.

-0,01141/8¢k.

+2,66%/6¢k.

-0,00527/&¢k., p=0,350

+0,0506/6¢k.

Eppnveia / Interpretation

loxupn Sopudopikn taon / Strong satellite
trend

Oepuodtepo mMANpeg €To¢ / Warmest complete
year

Oépuavon oe Babog / Warming at depth

AU€non Bepuikol amobéuarog / Increasing
heat reservoir

loxupotepn otpwudtwon / Stronger
stratification

Kupiwg Stahutotnta: evaicbnto otnv
niepiodo / Mainly solubility; period-sensitive

StaBepn ofivion / Persistent acidification

NoyaplBuikr onpacia pH / Logarithmic
meaning of pH

Mn otatiotikd aodalng taon / Not
statistically secure

E€aoBévnon puBuong / Weakening buffer
capacity
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Napdaptnua B. Ewikoveg / Appendix B. Figures

H OepuIKA emiBapuvvon TnG 6dAacoag yopw anoé Napo-Avtinapo to 2024

Hpepriota 6opugoptkn avdAvon Copernicus Marine, XwpLKr avdAvan nepimov 1 km

Méan avwuaAia Beppokpaciag 2024 Huépeg pe avwpaAio peyaAdtepn and +1°C

37.20
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z z
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<} <}
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Q & 37.00
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© ©
find fiad

36.95

36.90

36.85

25.0 25.1 25.2 25.0 25.1 252
[£WYDAQIKS prjkoc (°E) l'ewypagwks ukog (°E)
1.00 1.05 110 115 1.20 1.25 1.30 1.35 1.40 190 200 210 220 230 240 250 260 270 280
ATOKALON and TNy kAyaTtoAoyia 1991-2020 (°C) APLOPOG NUEPWY To 2024
Inpelwon: H avwpaAia elvat n slagopd ané Ty nuepriota kKAtdatoloyla 1991-2020. Ot ykp(Geg neploxEg elvat Enpd. Ot TLEG elvat f Beperlov g & EMQG , OXL HEGNUEPLAVY PETPNON
TapaAiag.

Mnytf: Copernicus Marine Service / CNR-ISMAR, SST_MED_SSTA_L4_NRT_OBSERVATIONS_010_004_d. EneEepyaota: Tomtki avaAvon Mépou-AvTinépou.

Ewkova 1/ Figure 1. H Sepuikn emtBapuvon tng dadaooas yupw armo lapo-Avtinapo to 2024. H avwualia vrtodoyiletal Evavtt
¢ nuepnotag kKAuatoroyiag 1991-2020. / Thermal anomaly around Paros—Antiparos in 2024, relative to the daily 1991-2020
climatology.
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ETriowa Beppokpactakn avwuaAia (°C)

Mapog-AvTimtapog: n Oépuavon MPOXWPEL KATW aTd TNV EMIPAVELA

Méaon eTrjola Bgppokpacia wg andkAtan and To 1991-2020 - Koo BAAGCOL0 AMOTOMW A

207 020m —— 20-100m
2024
41,41 °C (0-20 m)
154 +1,69 °C (20-100'm)
101
- -

0.5
— -
0.0 -

—0.5 -
—1.0
-1.5 T T T T T T T T T T
1987 1991 1995 1999 2003 2007 2011 2015 2019 2023
‘ETog

Mpappkn téon 1987-2025: 0-20 m +0,442 °C/6ekaeTi(a - 20-100 m +0,442 °C/dekaeTia. Kat ot 800 tdoelg: p < 1075,

Mnyri: Copernicus MEDSEA_MULTIYEAR_PHY_006_004 (enav&Avon HovTEAOL pE apopoiwon 6e6opévwy), pnviaia media. 38 keAtd e mAfjpn oTriAn 100 m, 651 km?2, Oyt Gueon Tomukr in-situ pétpnan.

Ewkova 2 / Figure 2. H 9épuavan ExeL mpoywpnoeL KATW Ao TNV EMLPAVELX OTO KOLVO ATOTUNMWUA TwVY TPpwTwv 100 m. /

Warming has penetrated below the surface within the common upper-100 m footprint.
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Kevtpikéc KukAadeg: n Oéppavon ¢Oavel TovAdyxiotov ota 300 péTpa

Kowé anotinwpa 184 mAnpwv oTnAWY vepoL evtdg 75 km amd tnv Mdpo - avagopd 1991-2020

o_Mm(poxpémm Taon 1987-2025 To 6gppIK6 anoTOTIWHA TOL 2024
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ZKloopgvn Cwvn: 95% duioTnpa epniotoobvng 100-300 m 100-300 m

300 T Dy e i
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Fpapptkr téon (°C avd dekaetia) OgppoKpactakr avwpaAla (°C)
Mnyn: Copernicus MEDSEA_MULTIYEAR_PHY_006_004, pnvtaia enavdAvon HovTéAOL e agopoiwan 6e60HEVWY. O TIHEG BEV QMOTEAODY GUECEG TOMLKEG in-situ HETPAOELG

Ewkova 3 / Figure 3. Katakopugo mpo@iA the taon¢ 1987-2025 kat tn¢ 9eppokpactaknc avwualioag tov 2024 oto Badu
TtepLpepeLako nebio twv Kevtpikwv KukAadwyv. / Vertical profile of the 1987-2025 trend and the 2024 temperature anomaly in
the deep regional Central Cyclades domain.

Noapdptnua . MeBodoloyikég onpelwoels / Appendix C. Methodological notes

.1 Xpovikr) otaOuon / C.1 Temporal weighting

OL UNVLIaLEG TLUEG oTaBUioTNKAV KOTA TOV TIPAYHOTLIKO 0plOUO NUEPWVY KABE prva yla ToV UTIOAOYLOUO
TWV ETAOLWV HEoWwV. OL aVWHOALEG UTTOAOYIOTNKAV EVOVTL TOU QVTIOTOLXOU NUEPOAOYLOKOU UNVA TNG
KAlpatoloyiag, amotpEnovtag tTn cUYXUon TG EMOXLKOTNTOC LE TN HaKpoxpovia taon. / Monthly values
were weighted by the actual number of days when annual means were calculated. Anomalies were
computed relative to the corresponding climatological calendar month, preventing seasonality from
being confused with long-term change.

.2 Xwpkn kot katakopugn otabuion / C.2 Spatial and vertical weighting

H SST otaBuioTtnKe KATA TO CUVNUITOVO ToU YewypadikoU TAATOUG I TO TPOYHATIKO eUPado keAlov. Ot
BepUOKPACLEG OTPWHATWY KAl TO BEPULKO TIEPLEXOLEVO XPNOLUOTOINGAV IPAYHUATLKO TIaX0G KeAloU. Ta
anoBspata BloyewxnUKwy PETABANTWY oTaBpiotnkay Kotd oyko f pala vepou, avaloyad Le Tn
povada. To pH umoAoyiotnke wg HECOG OPOG eVEPYOTNTAC H* Kal emavapstatpannke os pH. / SST was
weighted by cosine latitude or actual grid-cell area. Layer temperatures and heat content used actual
cell thickness. Biogeochemical inventories were weighted by water volume or mass as required by their
units. pH was averaged in hydrogen-ion activity space and converted back to pH.

27



H MEZOrFEIOZ NOY AAAAZEI / THE CHANGING MEDITERRANEAN | TOMOZ | / VOLUME |

I.3 Itatotikn) / C.3 Statistics

H kUpla ekTiunon elval ypappikn taon OLS pe 95% Sidotnua epmiotoolvng Newey—West/HAC kal
MEyLoTN VoTEéPnon £wG Tpla £tn. Theil-Sen kat Kendall ypnolponotibnkav w¢ pn mapapeTpikol EAeyyol
avOeKTIKOTNTAG. H TIUA p meplypadel TV aBefaldotnta TnG TAONG LECA OTO CUYKEKPLUEVO GUVOAO
Sebopévwv: dev mep\appavel opaApata alodntrpwy, ateir xwplkr SetypatoAndia ) dopikn
aBeBatdtnta Tou povtélou. / The primary estimate is an OLS linear trend with a 95% Newey—West/HAC
interval and a maximum lag of up to three years. Theil-Sen and Kendall methods were used as non-
parametric robustness checks. A p-value describes trend uncertainty within the dataset; it does not
include sensor error, incomplete spatial sampling or structural model uncertainty.

.4 Avbpakiké cOotnua / C.4 Carbonate system

To PyCO2SYS 1.8.3.4 xpnotuornondnke pe DIC kat TA wg {evyog eloddou. H emthoyn otaBepwv Hansson
ue avanpooappoyn Dickson—Millero emiAéxBnke amo névte untoPrdleg AUOELG EMELST avamaphyaye
KoAUTEPQ TO E0WTEPLKO pH ToU MedBFM. EAeyyol pe Lueker kat pe mpooBrkn nupttikov £6st€av OTL Tal
KUPLO CUUTIEPACHATO YLOL TIC TAOELC KaL TV amoucia Q apaywvitn Katw amno 3 sivot avOekTikd. /
PyCO2SYS 1.8.3.4 was used with DIC and TA as the input pair. Hansson constants refitted by Dickson and
Millero were selected from five alternatives because they best reproduced internal MedBFM pH. Tests
using Lueker constants and added silicate showed that the main conclusions about trends and the
absence of aragonite Q below 3 were robust.

Noapdptnua A. Avanapaywyipotnta / Appendix D. Reproducibility

MNna kaBe kUpLa paon Slatnpouvtal ta apxeia elcodou 1 ta e€ayopueva utooUVOAQ, oL pnviaioL Kat

€T oLOL TTivaKeg, Ta petadedopéva, o KwdLkag avaluong kot ta apxeia ouvodng. Ta Baoika makeTa
KoAUTITOUV: eTiLdaVELOKE BEppavaon, utoemidavelakr BEppavon, Bepuiko meplexOuevo, BepuLko
LoolUyLo, CTPWHATWON, BloyewxnUELQ, TTapaywyLKOTNTA, ofivion Kot avBpakiko kopeopd. / For each
principal phase, input or extracted subsets, monthly and annual tables, metadata, analysis code and
summary files have been retained. The main packages cover surface warming, subsurface warming, heat
content, heat budget, stratification, biogeochemistry, productivity, acidification and carbonate
saturation.

H avamopaywyLluotnTa eNTPENEL TNV eNavaindn Twv aplOpnTIKWY UTIOAOYLOHWY aro ta idla mpoidvta.
A&V JETOTPETEL TNV EMAVAAUCH OE ETLTOTILA TtapaThpnon kot dev e€aleidel tn Souikn afefaldtnTa Tou
cuotiuarog Copernicus—NEMO-MedBFM. / Reproducibility permits the numerical calculations to be
repeated from the same products. It does not turn reanalysis into an in-situ observation or eliminate
structural uncertainty in the Copernicus—=NEMO—-MedBFM system.
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